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even when water-soluble dyes are used. 

The inks are suitable for use in ink jet printers where 
the ejection system is of an on-demand type, using a pieso- 
electrie element or heat energy ejection system, and esp. 
where the ink droplets are ejected at a driving frequency 
of 1 kHx or higher (claimed). 

PREFERRED MATERIALS 

(I) is a water soluble dye and (III) is a cyclic cpd. hav- 
ing pyranose rings, esp. cyclodextrin or derlv. Pref. the 
ink contains 0.1-20 wt.% of (III) and has a viscosity at 25»C. 
of 5 cp or less (3 cp or less) and a surface tension of 25<»C. 
of 35-65 d3rae/cm. 

EXAMPLE 

An ink was made comprising (by wt.) 3 pts. C.I. Food 
Black 2, 12 pts. glycerine, 8 pts. ethylene glycol, 2 pts. 
ethylene glycol monophenyl ether, 80 pts. water and S pts. 
a-cyclodextrin , adjusted to pH 7.5 with 0.1% aq. NaOH and 
press, filtered through a 1 ii filter. 

The ink (viscosity 2.2 cP, surface tension 52 dyne /cm.) 
was used in an ink jet printer with heat ejection (orifice 
size 40 X 50 cm. micrometres, heater size 30 x 150 micro- 


Other Priorities: 16.12. 87-JP-033717. 

Recording Uq. for ink jet recording comprises a dye (I) and 
a Uq. medium (II) for dissolving or dispersing (I). (H) 
contains a cpd. (Ill) having a 3D mol. structure contg. an 
empty space, and having a mol. wt, of 400 or more, (800 or 
more) and a solubility of 3% or more in water. 

USE/ADVANTAGE 

The inks have excellent storage stability and frequency 
response characteristics, and give no feathering on recording 
media having exposed fibres such as copying paper, writing 
paper, and continuous business forms. They have excellent 
fixing properties and give excellent water resistance images 
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ktres, 24 nozzles, driving voltage 24.5 V, frequency 2 kHz). 
p ppte. formed in the ink after 1 month at -30 or *60*>C. 

Prints showed no feathering on copying paper or bond 
aper, excellent fixing on copying paper (no blurring when 
iibbed with filter paper 10 sec. after printing) and good 
King on bond p^er (slight blurring after 10 sec.). 
l5pp513HWDwgNoO/0). 
E) ISR: J56014569 J56036556 2.Jnl.Ref. 
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® Recording liquid and recording method by use thereof. 

@ A recording liquid is provided which comprises a dye as a component for forming an image and a liquid 
medium for dissolving or dispersing said dye. the liquid containing a compound having a three-dimensional 
molecular structure with an empty space therein, and having a molecular weight of 400 or more and a solubility 
of 3% or more in water. The compound may be a cyclic compound having a plural number of pyranose rings. A 
recording method employing the atxjve-mentioned recording liquid is also provided. 




0 280 458 



Recording Uquid and Recording Method by Use Thereof 



BACKGROUND OF THE INVENTION 
^ield of the invention 

iet recording ^/o o„ omer^lnTrpape buTori^orer" '^'"^^'^ '"'^"^ 
writing paper, bon. paper, continuous bus'n«s L pZ e^^d v^ous""othT ^h"^ 
stonng stability, re.ateo also and to a recording method bTTse mer^? 
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fhat faa«K<^^ • 1. - . r'^,^', <u u lo icn.uraing mTOium. mere are orobiems such 

so S!hHrT«?„ Z ^ ^ 0' « '"'^^ctant (Japanese Laid-open PaLt 

^Z^V^Z X!' ' ' ''«««"9 ^^-^^ Patent Pubiica.on No. 

• , rtlnnJ ; t ^ * ""^^ °' performing recording with an ink which is made strongly aikal.ne 

Sod oT!^dTna a it '""^ ""'^"'"^ a certain kind of s.z.ng agent, in ,ne 

method Of addmg a large amount of a surfactant, feathering may occur extremely frequently depending 
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( 1) To give a recorded image of high quality without feathering. 

(2) To be rapid in fixing speed of ink, 

.5 While. ''"^ '"^'"^ °' °' ^ ^''^^ -ay be .ntermined for a ^ 

With o"f thrp^eV'^^"" '^'""•""'^ °' '"^ — 

(5) To be high in storing stability of ink. 

(6) To be high in safety. ^ 

(7) To be excellent in durability of printed product, such as water resistance, light resistance etc 

EST™™-- 

f4 '"^^ °' ''""^^ * water-soluble dye is employed- 

been sS^^ 1^ u"? ^^^^^"^ '^^ ^^"^^^^ ' '3)- Vet me^e have not 

ther^lS,.!^^'^ ''^"''""^ °' """5 Characteristic on the recording medium with fibers exposed 

pZ^^JS^cHJuZr " 'T"" "'^'""^ ^^"''^ ^ paper ^ 

.hreSnoT^;kr:rrrr" ^^^^^ --<^'"9 medium, there are problems sue 



40 

a 



h 

c 
li 

50 rr 
0 

c 

s. 

55 p 



P 

on lit 



0 280 458 



h rapid fixing 
'Sfgned for ink 
spying paper, 
s excellent in 



iion systems 
■erted papers 
ious dyes or 
fuble organic 
! 

ship wrth the 



THitted for a 
n conformity 



;5 



20 



25 



30 



the quaJity Of paper, ar,d troubles can also be seen such that the ink may be retracted from the onfice 
surface to interrupt ejection of mk. or on the contrary the whole orifice surface may be wetted to interruot 
ejection of .nk, depending on the conditions of the printer head. Further, in the method which performs 
recording w.th an ink wh.ch is solid at normal temperature and brought to a liquid state by heatinq 
.mprovement to some extent with respect to feathering and fixing of print can be seen. In such a method* 
since a feed.ng device comprising ink dissolution or a heating device within a printer head is required m the 
des|gn of the pnnter. there are involved problems that the printer necessanly be greater in size and higher 

Conceming the second problems of the frequency response improvement for high speed recordinq 
most of Its investigations have been made from a mechanic! point such as the head construction, etc and 
i-ttle investigation has been made up to now on improvement of ejection response frequency with respect to 

Generally speaking, frequency response characteristic is improved with the decrease of the viscosity of 
.nk but stability of ejection will be lowered as accompanied therewith. Therefore, it is difficult to develop an 
ink which has an improved frequency response characteristic while maintaining the ejection stability Above 
aJI. in the on demand type ink jet systems in the driving conditions of frequency of l KHz or higher there 
ensue problems of inferior frequency response characteristic and inferior ejection stability and this 
tendency is more marked when the driving frequency is raised as high as 2 Khz. 4 Khz. which is particularly 
a senous problem in the ink jet system utilizing a piezoelectric element or heat energy. 

As for the third problem of water resistance, a large number of methods have been proposed such as a 
method using an ink containing an oily dye or pigment a method of using a special paper added with a 
water-resistance-giving agent. 

However, these methods will newly cause the problems of storing stability and increased cost of 
recording paper. 

The forth problem of storing stability is the problem substantially solved in an aqueous ink comprising 
conventionai water soluble dye. water-soluble liquid medium, etc.. but under the present situation, there has 
been proposed no .nk satisfying aJI of the performances sufficiently together with the above performances 
(1) to (3), 
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Accordingly, the principal object of the present invention is to provide a recording liquid which is rapid 
in fixing speed on paper specially designed for ink jet recording, but also on ordinary papers in general 
having fibers exposed on the surface and further subjected to sizing, such as copying paper, writing paper, 
bond paper, continuous business form paper, etc.. and yet capable of obtaining pnnting with little feathenng 
and a recording method by use thereof. 

Another object of the present invention is to provide an ink with good frequency response characteristic 
even if the driving frequency may be high, and an ink jet recording method with a rapid printing speed. 

A further object of the present invention to provide an ink excellent in water resistance in spite of using 
a water-scluble dye. ancf further a recording method with satisfactory ejection stability and storing stability. 

The above objectes can be accomplished by the present inventions as specified below. 

According to an aspect of the present invention, there is provided a recording liquid, comprising a dye 
as a component for forming an image and a liquid medium for dissolving or dispersing said dye. said liquid 
containing a compound having a three-dimensional molecular structure with an empty space therein, and 
having a molecular weight of 400 or more and a solubility of 3 % or more in water. 

According to another aspect of the present invention, there is provided a recording liquid, comprising a 
dye as a component for forming an image and a liquid medium for dissolving or dispersing said dye. said 
liquid having a viscosity at 25 *€ of 5 cp or less, and containing a compound having a three-dimensional 
molecular structure with an empty space therein, having a molecular weight of 400 or more and a solubility 
of 3 % or more in watar. 

According to still another aspect of the present invention, there is provided a recording liquid, 
compnsing a dye as a component for forming an image and a liquid medium for dissolving or dispersing 
said dye, said liquid having a solubility of 3 % or more in water and containing a cyclic compound having a 
plural number of pyranose rings. 

According to a further aspect of the present invention, there is provided a recording method which 
performs recording by attaching droplets of a recording liquid onto a recording medium, said recording 
liquid containing a compound having a three-dimensional molecular structure with an empty space therein. 
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and having a molecular weight of 400 or more and a solubility of 3 % or more in water, and said recorn, 
medium compnsmg fibers exposed on the surface thereof. "'^ 
According to a still further aspect of the present invention, there to provided an ink jet recording methon 
which performs recording by eiecting droplets of a recording liquid at a driving frequency of l kHz o, 
higher, said recording liquid containing a compound having a three-dimensional molecular stnjcture with an 
empty space therein and having a molecular weight of 400 or more and a solubility of 3 % or more m 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention is based on a discovery obtained as the result of intensive study about a liquid 
medium composition with good water resistance, fixing characteristic and prinong quality of ink in a 
recording medium as having fibers exposed on the recording surface. 

The compound having a three-dimensional molecular structure (three-dimensional structure formed by 
bonding of atoms or molecules) having an empty space therein which charaaerizes the present invention .s 
a compound having inclusion ability to incorporate another substance in its empty space, more particularly 
a compound called a host molecules having an empty space for including other substances. 

The present invention is characterized by containing a host molecule having inclusion ability, and a 
guest molecule is a whole dye molecule or a part thereof in the ink constituting components. 

The reason why water resistance, fixing characteristic, and printing quality are excellent in recording 
medium by use of the ink containing a compound in a three-dimensional molecular structure having internal 
empty space has not been clarified yet. 

It is presumed that an inclusion compound is formed by incorporating a dye molecule or a part thereof 
into the internal space to increase affinity for recording medium, particularly ordinary paper having been 
subjected to sizing as compared with the dye alone, whereby fixing characteristic and water resistance is 
improved. Funher. it is considered that formation of an inclusion compound improves wettability toward the 
head constituting members, thereby improving frequency response characteristic. 

Also, since containment of these compounds is not accompanied with considerable lowering in surtace 
tension of ink, no adverse effea is observed on ejection stability. Further, it may be estimated that the dye 
molecule becomes apparentiy larger by formation of an inclusion compound to lower its flowability. wnereby 
recording of excellent print quality without feathenng can be obtained. 

According to the investigations by the present inventors, for obtaining good printing quality without 
feathering, the size of the host compound contained is important in view of the flowability of the inclusion 
compound containing the dye. and more specifically, the molecular weight of the host compound shall be 
400 or higher, more preferably 800 or higher. 

Therefore, with an ink containing a host compound such as urea thiourea, deoxychoiic acid and i8- 
crown-6 which has been ^aid to have inclusion ability as described in Japanese Patent Publication No. 
43843/1 978. its feathering prevention effect is insufficient to make it difficult to obtain a record with high 
print quality. 

Further, according to the investigations by the present inventors, in view of long-term storage stability of 
ink. the sofubtlity of the host molecule in water shall be not less than 3 %. and more preferably not less 
than 5 %. 

For example, as described in Japanese Laid-open Patent Publication No. 14569/1981. an ink containing 
3<ycto<J«xtrfn which has a solubility of less than 3 % in water (solubility: 1.58 %) has the drawback that it 
is liable to form a precipitate during storage for a long term. 

Examples of the compound having a molecular weight of 400 or more in a three-dimensional structure 
having internal space formed by bonding of atoms and molecules, and having a water solubility of 3 % or 
more, namely the host compound, to be used in the present invention may include valinomycin type natural 
antibiotics, various polyether compounds, nigericin type natural antibiotics, or cyclic compounds having a 
plural- pyranose rings, for example, those having formed cyclic compounds through i 4 and 1.6 bonding of 
monosaccharides such as glucose, fructose, galactose, etc., and disaccharides such as saccharose, 
maltose, lactose, etc.. but the present invention is not limited to these substances. Among them, a 
particularly preferable substance is cyclodextrin comprising six or more er-O-glucopyranose groups bonded 
through o-i.4 bonding to form a cyclic compound, and these compounds exhibit marked effect. 

Among cyctodextnns. a-cyclodextrin formed by cydization of bonding of six glucose molecules, and y 
cyclodextrin formed by bonding of eight glucose molecules, and further derivatives of the above cycioaex- 
trin. for example, rnaitosyicydodextrin having maltose bonded for the purpose of improving solubility, etc. 
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4tC. 



are satisfactory. 

The content of the above compound may be in the range of from 0 i to ?n 

If the content of the above compound is less than O.i % by weight no marked effect can tl Z \^ 
on .mprovemen, of fixing characteristic, printing quali^ and eiitionVabiJtyThS fTexcred?20 ^"b"^ 

As Other components constituting the ink of the present invention first a r)wa ^h<..- u 

Tdrr -^"^ ™ ^vercz^ere dr :a?c:"2r 

h- olT^' ""^^^-so'^bleness" for the ink of the present invention i, water-solubility of i % or 

h-gher at 20 'C. which solubility will not cause any problem in performance of ink ^ 

.h! T**"' °' ""^^ detemiined depending on the kind of the liquid medium component 

TJT^rr'^V'^Z'^ '"9« 0' from 0.2 to ^J^. Sy weigm 

preferably from 0.5 to 10% by weight, more preferably from i to 5% by weight ^ 

„.J! «C"i<3 medium for dissolving the dye as mentioned above in the present invention anv 

Tl""^l'^ '"^y ^ example, wattr anior 0 g^c 

solven ment,oned below may be preferably used. Examples of the organic solvent may^ncUe aZi 

acoho. n SJ '° f "''T f " '•^y' "-prop .rohol tooC^^ 

tuTL ^1 T "^''"•y' ^"•^o'- "-P«"ty' a'coho.. etc.: a^iides 

ITcoho? f^^'Z 'T- «^""e,hyiacetamide. etc.: ketones or ketoalcohols such as acetone, diacetone 
alcohol, etc.; ethers such as tetrahydrofuran, dioxane. etc.: polyalkylene glycols such as polyethv ene 
Tl l^'^P^r 'r 9'y"'» ^'^ ^"^y"^' group conta.!ing 2 to 6 carj^n^ om^ 1 

hexyltToLor^^^^^^^ •^'««^y'«"«9'VCo.. ,.2.Jhexane triol. thiodii « 

IthviL„?r.„ • '1° ^ 5'^"'"'= °' P«'y^y«3ric alcohols such as 

QlycTLlml"rrT /°' glycol monomethy. (or ethyl, ether, triethylene 

Q S dTmemvtTn t n 'J.' "''-^ °' P^'^^y^"^ ^^'^o'' ^"^^ « '"ethylene 

oSicfra emy ) ether, tefraethylene glycol dimethyl (or ethyl, ether, etc.: sulforane. N-methyl-2- 

pyrrolidone. 1 .3-dimethyl-2-imidazolidinone: and so on y ^ 

varioI!lVddi«v« °' °' "'^ "'"'^"^ ^« « ^^^""^^ other known 

oTZ^^TtZZT. ' f ' ' ^'^""^ « 'ensio" controller, 
or an optical bnghtener may be added as desired. 

solu?/ refirr' ' ^'^"^^ '"^^ " P°'y^'"y' ^'=ohol. celluloses, water- 

coiSlr Trh « h I.' " °' """'""'^ surfactants: a surface tension 

"trSSm.!'"''""'""'"- ^ P" --oner based on a buffer solu.on: an 

r..,lZa'.r^?,^ '° ''^ "'^ ^'^ electrically charged ink. a specific 

cZrtt. 1'!"*''"'"^ " c'"""'^*- ammonium Chloride, sodium 

hv Ifn'"? °* ^P'y^'S ^« '«=ording method employing ink ejected 

conSS J '^^"^'^ "'"^ 9- specific heat coefficient of thermal expansion, thermal 

conductivity, etc., may be sometimes controlled. 

/«, -Tli? Jl'^.f^* " described above is frequently demanded to have the performance 

^ ' ^'"'^"'ar'y tfie performance for stable ejection at a driving frequency 

Of I KMX orhighef. Therefore it is desired to be controlled in the properties to be of the low viscosity type 

^ ^ ^' ^^'^ °' 5 "^P °^ 3 surface tension of 35 to 65 dyne-cm. more 

preferably a viscosity of 3 cp or less. 

H the viscosity of the ink exceeds 5 cp. even the ink containing the host compound having the inclusion 
ability according to the present invention may be sometimes insufficient in printing quality, fixing char- 
actenstic and frequency response characteristic on ordinary paper. 

The ink to be used in the present invention obtained as described above. i» above all excellent in water 
resistance, fixing charactenstic and printing quality on ordinary paper generally employed in business and 
domestic uses and having fibers exposed on the recording surface, and further subjected to sizing, such as 
copying paper, wnting paper, bond paper, continuous business form paper, etc.. and effectively used as the 
ink for ink let recording of various systems, and can perform excellent recording. 

The ink of the present invention is capable of responding precisely to driving frequency for n,gh speed 
recording for which increasingly higher response ability is required from i Khz. to 2 Khz. and 4 Khz. and so 
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on. The ink enables excellent recording for long term oeneraiiv w.m an ^ , 

especially me one emp.oy.ng o.e.oeiemen, or Zm.7enZ ' • 

The present invention is described in more detail bv refemna tn tha »«ir^ e . ^ 
examples. In me sentences, all pans ano % are by weight ^ ^'"^^ 

s 

^J^amoie C.I. Food Black 2 3 pans 
Glycerine 1 2 parts 
Ethylene glycol 8 pans 
'0 Etyiene glycol nnonophenyl ether 2 parts 

Water 80 parts -c 
a-Cyclodextrin 5 parts 

" wasTdJi'^d m«°Tr"''' '"^ "'""V *^'»'«'ved water, men me dye C.l. Food Black 2 

Ten! . r ' '"''^ ""^ 9'y"""»- ««hy'e"e glycol, and emy'ene 

OH n 1" !^ ' '^^"9 « «^ 3 hours. Then, after adjus^en o me 

th^ouLi n ' V;' ° »' •^V'l^oxide. me mixture was p es^^re itS 

. :xrrtrp7es"rirr^^- "^^-^^ - - - - -o oS 

o^o-T^k' P^f^o^^ed on a commercially available copying paper bond 

. (on'cTIize Z '"'S '"T """^'"^ ' heat^enerating element as me e.ect-on'Inerg To "cat 

J5 LinrchLr,-^ P'<^"C« °Wa,"ed were evaluated fo 

?5 fixing charactenstic. printing quality, storability. and water resistance. 

Ink properties and evaluation results are shown in Talbe i . is 



g^ampie 2 C.l. Acid Red 35 i .5 parts 
» Glycerine 9 parts 

1 .3-dimethyl-2-imida20lidinone 10 parts ^° 
Water 81 parts 
a-Cyclodextrin 1 part 

35 

wasTdd""^ trrh'.°"''r'"''' <^*«olved in water, then the dye C.l. Ac.o Red 35 

iZ l !f "^'^ '"^^^ 9'ycenne. 1 .3^imethy|.2.,midazolidinone were added 

ollowed by smrmg at 40-C for 3 hours. Then, after adjustment of the pH of the mixture to 7 5 ^th 0 i% 

Zn^on " '-^ ' an ink (sTof the present 

Ixamgte 3 (Preparation of ink •C)) C.L Direct Slue 36 3 parts 
*s Oiethylene glycol 15 parts 

Ethylene glycol 5 parts -"S 
Oiethylene glycol monophenyl ether 0.7 parts 
Water 80 parts 
Y-cyclodextrin i part 
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Of the above components, y-cyclodextrin was firstly dissoNed in water, then the dye C.l. Direct Blue 86 

was added and the mixture was stirred, and further diethylene glycol, ethylene glycol, and ethylene glycol i 

monophenyl ether were added, followed by stirring to 40*0 for 3 hours. Then, after adjustment of tre ch of ^ 

the mixture to 7.5 with 0.1% aqueous solution of sodium hydroxide, the mixture was pressure n.tefed \ 

through Ruoropore Filter (trade name, produced by Sumitomo Oenko K.K.) with a pore size oi iu :o ccta^i \ " 
an ink (C) of the present invention. 
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Example 4 CJ. Direct Black 154 3 parts 
Oietnylene glycol 1 2 parts 
N-methyl-2-pyrrolidone 8 parts 
Nonionic surfactant 0.1 part 

(Nissan-nonion P223 (trade name), produced by Nippon Yushi K.K.) 
Water 80 parts 
Maltosyicyclodextrin 2 parts 

(isoeiite P(trade name), produced by Nikken Kagaku K.K.) 
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>sure filtered 
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Of the above components. maJtosylcyclodextrin was firstly dissolved in water, then the dye CI. Food 
Black 154 was added and the mixture was stirred, and further diethylene glycol. N.methyl-2-pyrroiidone 
and the nomonrc surfactant were added, followed by stirring at 40*C for 3 hours. Then, after adjustment of 
the pH of the mixture to 7.5 with 0.1% aqueous solution of sodium hydroxide, the mixture was pressure 
filtered through Fluoropore Filter (trade name produced by Sumitomo Oenko K.K.) wtth a pore size of iu to 
obtain an ink (D) of the present invention. 



Example 5 (preparation of ink E) 
Triethylene glycol 8 parts 
Ethylene glycol 6 parts 
1 .3-dimethyl-2-imida20lidinone 
Water 80 parts 
a-Cyciodextrin i part 
7-cyclodextrin 0.7 parts 



C.I. Direct Yellow 142 2 parts 



6 parts 



30 



Of the above components, a-and y-cyclodextrin were dissolved first in water, and then the dye C.i. 
Direct Yellow 86 was added and the mixture was stirred, and further triethylene glycol, ethylene glycol, and 
i.3-dimethyl-2-imida20lidinone were added, followed by stirring at 40 C for 3 hours. Then, after adjustment 
of pH to 7.5 with 0.1% aqueous solution of sodium hydroxide, the mixture was pressure filtered through 
Fluoropore Filter (trade name, produced by Sumitomo Oenko K.K.) with a pore size of 1 u to obtain an ink 
(E) of the present invention. 
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Example 6 C.I. Food Black 2 2 parts 
Glycerine 1 2 parts 
Ethylene glycol 8 parts 
Ethylene glycol monophenytether 2 parts 
Water 80 parts 

Monensin (nigericin type natural antibiotic) 4 parts 



^t Blue 86 
Y^e glycol 
Jthe pH of 
fe filtered 
no obtain 
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Of the above components, monensin was dissolved first in water, then the dye C.I. Direct Black 2 was 
added thereto and the mixture was stirred, and further glycerine, ethylene glycol, and ethylene glycol 
monophenyl ether were added thereto, followed by stining at 40* C for 3 hours. Then, after adjustment of 
pH of the mixture to 7.5 witfr0.l% aqueous solution of sodium hydroxide, the mixture was pressure filtered 
through Ruoropore Filter (trade name, produced by Sumitomo Denko K.K.) with a pore size of i u to obtain 
an ink (F) of the present invention. 

Comparative example 1 

Of the components in Example 1 . the components excluding a-cyclodextrin were mixed by stirring for 3 
hours, and then after adjustment of the pH of the mixture to 7.5 with O.i % aqueous solution cf sodium 
hydroxide, the mixture was pressure filtered through Ruoropore Filter (trade name, produced by Sumitomo 
Denko K.K.) with a pore size of iu to obtain an ink (G) for comparative purpose. 
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Comparative example 2 

0* the components in Example 2. the components excluding a-cyclodextrin -.ver^? r?^-^ ^ 
manner as in Comparative example 1 to obtain an tnk (H) for comparative purpose. " ^ ^-^'^e 

Comparative example 3 

Of the components in Example 3. the components excluding >-cyclodextrin -.vere -^i-^* 
manner as in Comparative Example l to obtain an ink {!) for comparative purpose. " ^--'^e 

Comparative example 4 

Except for using saccharose in place of a-cyclodextrin in Example 1. the trearp-e.": .%>s --p,. 
entirely the same manner as in Example 1 to obtain an ink (J) for comparative purpose. " ' " — '-•^•^ m 

Comparative example 5 

In Example 4. maltosylcycfodextrin was excluded and 0.5 parts of a nonionic surracart .n.*.,« 
P223 (trade name), produced by Nippon Yushi K.K.) were added and the treatment was --^n.-. 
same manner as in Comparative example i to obtain an ink (K) for comparative purpose. 

Comparative example 6 

Of the components in Example 1 ,8-cyctodextrin was used in place of o-cycloGextnn. rcaowirc 
the same procedure as m Example i . to obtain an ink (L) for comparative purpose. ' " ' ^^rwise 

Comparative example 7 

Of the components in Example l. 18-crown-6 was used in place of a-cyclodextnn. following oinerwi 
the same procedure as in Example 1 . to obtain an ink (M) for comparative purpose. 



Comparative example 8 

Of the components 
procedure as in Example « , 

The same recording as in Example 1 was also practiced for the inks (B • N) in Examples 2 • 6 ana 
Comparative examples l - 8. ink properties and evaluation results are shown in Table i . 



Of the components in Example 6, urea was used in place of monensin. following otherwise the sam 
procedure as in Example 6. to obtain an ink (N) for comparative purpose. ® 
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•1 The viscosity was determined with VISCONIC ELD produced by Tokyo Keiki K K 
by Kyowa^4'i?"K^'""°" ^'""'''^^ TENSIOMETER A-, produced 

5 "3 Fixing characteristic was evaluated as below. 

tho n °" commercially available copying paper and bond oaoer 

me printed portion was rubbed with a filter paper No. 5C (trade name, produced by Toyo KacSu S^o!o 
K.K.) (evaluated under the environmental conditions of 25-C. 60% RH) ^ 
+ * ♦ ♦ .... no blumng after 10 seconds 
'0 * ♦ * -.. slight blurring after 10 seconds 

* + .... slight blurring after 30 seconds 
.... great blurring after 30 seconds 

"4 Printing quality was determined as below. 
.t.nH T\ k""'*''^ ?" above-mentioned copying paper and bond paper, the printed matter was left to 
stand for i hour or longer, and feathering, sharpness at the dot level were evaluated, (evaluated under the 
environmental conditions of 25 "C. 60% RH) 

+ + + * .... no feathering, with edge being extremely sharp 
+ + + .... slight feathering observed, with edge of dot being sharp 

* * .... feathering observed in substantially all dots, with edge of dot being slightly vague 
+ .... feathering observed in all dots, with edge of dot being indistinct 

•5 Storability was determined as below, 
ink was placed in a storing bottle (SCHOTT bottle, produced by OURAN). stored at -SO'C and 60*C for 
one month, and presence of precipitate was evaluated. 
+ + + .... no precipitate 
25 + > .... small amount of precipitate 

+ .... large amount of precipitate 

'6 Water resistance was determined as below. 
After printing on the above-mentioned copying paper, the printed sample was left to stand for one day 
and then dipped m water for i minute and feathering of the image was evaluated. 
30 + + + .... practically no feathering observed 

* + .... slight feathering observed 

* .... feathering abundantly generated, making decipherment of the image difficult 

35 Examples Z : 2^ and Comparative examples 9 ■ 23 

By use of the inks A . E, G - K obtained in Examples 1 - 5 and Comparative examples i • 5. solid 
printing w.th an area of 15 ^ 4 cm^ and character printing of 130 alphabet letters were effected on a 
commercially available copying paper by use of the printers A and B shown below by setting the frequency 
within the range of 1 to 6 Kh2. and folkjwability of ink and shot accuracy were examined for evaluation of 
frequency response of ink. The evaluation results are shown in Table 2. 

Here, the folk)wability of ink means the properly of ink fed into a nozzle smoothly following ejection of 
an ink droplet from the nozzle, and the shot accuracy means the accuracy of the points shot by .nk droplets 
on a recording medium. 



40 



50 



(Printer A) 



An ink jet printer utilizing a heat-generating element as the ejection energy source (heater sue 30 ' 
150 am' and having 24 nozzles with an orifice size of 40 50 um') (driving voltage 24.5V). 



(Printer B) 



55 



Utilizing a piezoelectnc element as the means for applying pressure on ink ink. ink is eiected by 
mechanrcaJ displacement given to the piezoelectric element with electrical signals. An ink jet pr.nier -av.ng 
8 nozzles with orifice diameter of 50 am and passage length of 40 mm (driving voltage: 60V). 
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Table 2 



Example 


Ink 


Frequency 


Printer 


Frequency 
response #7 
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+ + + 
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+ + 
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+ + + + 


10 
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+ + + + 


11 
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+ + + + 


12 
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+ ♦ + 


13 
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+ + + + 
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+ + + •♦. 
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C 
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+ + + 
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17 
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+ ♦ + + 


18 
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B 




19 
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+ 4- + + 


20 
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A 




21 
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♦ ■♦• + -♦' 
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Table 2 (Continued) 



Comparative 
Example 


Ink 


Frequency 
(KHz) 


Printer 


Frequency 
Response 

•7 


9 


G 
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A 


+ + 


10 
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A 


+ + 


11 
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A 


+ 


12 
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1 


A 




13 
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+ 


14 
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4 


A 


+ 


15 
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1 


B 




16 
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17 


l' 
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B 




18 
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A 




19 
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2 


B 




20 


J 
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B 


+ 


21 


K 


2 


A 




22 


K 


4 


A 




23 


K 


6 


A 


+ 



13 



7 Evaluation of frequency response was made as below 

.....^•k***'' °! "1"' """'^ "^«'y blurr-ng or wh.te orop^ut state and ooo, 

Stat, such as splash, localization, etc. obtained was observed and evlated v.suaHy * °' 

r,on, ,horhH k"""!^,""^ °' '° frequency is good, neither blurring, white dropout nor 

poor shot being observed for both solid printing and character printing • 

* * ♦ .... foilowability of ink responding to frequency is substantially good, neither blurring white droo- 
out nor poor shot being observed .n character priming, but slight blurring being observed in soJd pnlg 
hu, =o«r .h«. h«,„„^'^'*',.^""'*"^- """'""^ ^""'^ ot'se^w in Character prin«ng, 

whor».rprinr^ir ' "'""""^ " "^'''^ ^ 3 of the 

rr, w '""'""5 """^ ''«"9 Observed, and also in character printinq 

much blurring and poor shot being observed pnnung. 

As described above, according to the present Invention, Ink jet recording Is rendered possible which 

ol'^JT ' " "'"^ ^""""^^ '° "^"^ ''^^'^'y '"'P^^' 'ecor<^ng but also » 

eS^oTconlnT"' "^^'^ °" subjected to sizing fir 

"ret w«^eTerg"""' ''""'^ ^^"^'^ P^-- 'apid fi.ing speed 

a^rinTZ "'l'"" °' '"^ «°""g "^'"tV- » ^^s become possible to 

perform ink ,et recording which is safe and excellent in ejection stability and operability of ink over a long 

frequX" ^"eirp:^.;;"'""" °' ' ''^^ '"^'^ ^'^^^-^ 



Claims 



Hi. J. t-, . comprising a dye as a component for forming an image and a liquid medium for 

T,Tr? '^'^ -^y®' said liquid containing a compound having a three^imensional molecular 

structure with an empty space therein, and having a molecular weight of 400 or more and a solubility of 3", 
or more in water, ' 

2. A recording liquid according to Claim i. wherein said compound has a molecular weight of 800 or 



more 



disslin^f!?!"^ "'"""''"a « « 3 component for forming an image and a liquid medium for 

STni! f r""^ '^'^ '^^"'■"9 a solubility Of 3% or more in water and containing a 

cyclic compound having a plurality of pyranose rings, 

therif^ according to Claim 3. wherein said cyclic compound is cyclodextrin or a derivative 

5. A recording liquid according to any preceding claim, wherein said compound has a solubility of 5% 
or more in water. 

rh. t^t'^nT^ i^i?"* accordmg to any preceding claim, therein the content of said compound is within 
the range of 0.1 to 20% by weight of the total weight of the recording liquid, 

7. A recording liquid according to any preceding claim, wherein said dye is a water-soluble dye. 

8. A recording liquid according to any preceding claim, having a viscosity at 25 •€ of 5 cp or less 
9^A recording Fiquid according to Claim 8. having a viscosity of 25 of 3 cp or less. 

10. A recording liquid according to any preceding claim, having a surface tension at 25«C of 35 to 65 
cyne^cm. 

11. A recording method which performs recording by attaching onto a recording medium, droplets of a 
recoraing liquid according to any preceding claim. 

12. A recording method according to Claim ll. wherein said recording medium is sized paper. 

13 An ink jet recording method which performs recording by ejecting at a driving frequency of i kHz or 
higher droplets of a recording liquid according to any of claims l to lO. 

14. An ink jet recording method according (o Claim 13. wherein the ejection system of the recording 
liquid is of an on-demand type. 

15. An ink jet recording method according to Claim 13. wherein the ejection system utilizes a 
piezoeiectnc element. 

16. An ink jet recording method according to claim 13. wherein the ejection system utilizes heat energy. 
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